The objective of the present study was to evaluate the impact of rosemary and basil essential oils (EOs) on the quality of Atlantic mackerel fillets stored at 2°C up to 15 days. Atlantic mackerel (Scomber scombrus) fillets were periodically evaluated to assess their textural, color, physicochemical, and spectral characteristics. The results indicated that rosemary and basil treatments were effective for inhibiting the formation of total volatile basic nitrogen (TVB-N) and lipid oxidation products during storage. Based on TVB-N values, the shelf life of Atlantic mackerel fillets treated with rosemary and basil EOs was extended by 2 and 5 days, respectively, compared to the control group. Similar results were obtained with thiobarbituric acidreactive substance analysis, which demonstrated an extended shelf life of Atlantic mackerel immersed with rosemary and basil EOs of 2 and 3 days, respectively, compared to the control group. The factorial discriminant analysis applied on the concatenated first five principal components corresponding to the physicochemical, textural, color, and fluorescence measurements allowed clear discrimination of the three groups, because a correct classification rate of 93.3% was obtained. Therefore, treatment with basil and rosemary EOs, as natural biopreservative compounds, could present a high-potential application in the seafood industry.
M
ackerel is an important pelagic fish that is consumed worldwide, being rich in protein, long-chain polyunsaturated n-3 fatty acids, vitamins, and minerals. However, fish in general and fatty fish species in particular (such as mackerel) are perishable food commodities due to their high content of unsaturated lipids, which are susceptible to oxidation (1) . To preserve the quality of fish and fish products, different techniques can be applied, such as refrigeration (2) (3) (4) (5) and vacuum and modified atmosphere packaging (6, 7) .
Taking into account the concept of food safety and security, there is an increasing need for the development of natural antioxidants and antimicrobials in fish and fish products. In this context, recent studies have reported significant inhibitory effects of chitosan on the microbiological and biochemical mechanisms involved in fish spoilage (8, 9) . Recently, essential oils (EOs) have attracted more attention in the food sector in order to meet the demand of consumers for natural products that are generally recognized as healthy and safe, contrary to the synthetic additives that are known for their toxic and carcinogenic effects (9, 10) . Rosemary (Rosmarinus officinalis) EO has been used for improving the quality of fish such as pompano (11) , jack mackerel (12) , and others. The efficiency of other natural antioxidants, such as grape seed and clove bud (13) , thyme, oregano, and clove extracts (14) , and mint leaf and citrus peel extracts (15) , has also been investigated and found to prolong the shelf life of silver carp fillets and anchovy by 3 days compared to the experimental control.
Although the application of rosemary in food has been widely reported, to the best of our knowledge, there is no study to date in the literature on mackerel treated with basil (Ocimum basilicum L.) EO. Therefore, the objective of the present study was to evaluate the effects of the immersion of Atlantic mackerel fillets with rosemary and basil EOs on the evolution of their quality at the macroscopic and molecular levels during storage at 2°C.
Experimental

Samples
Fresh mackerel were purchased from a local market (Arras, France) 1 day after their capture and transported to the laboratory on ice. Upon arrival, the fish were beheaded, eviscerated, deboned manually, and then washed with tap water. Two fillets were obtained from each fish, and all samples were kept at 2°C until use. Two fillets were analyzed on day 1, whereas the remaining fillets were divided randomly into three groups. The first of these groups was used as a control (without immersion), and the second and third groups were immersed in 1% (w/v) rosemary and basil EOs, respectively, for 30 min at 2°C. The fish samples were removed from the solution and drained for 1 h at 2°C. Each Atlantic mackerel sample was removed and packed into air-proofed polyamide/polyethylene packs (PA/PE 90) under atmospheric conditions and heat-sealed using an impulse sealer. All the samples were stored at 2°C and were analyzed on days 3, 6, 9, and 13. An additional sampling on day 15 was performed for samples treated with rosemary and basil EOs. The additional test on day 15 was used because the EOs are known to extend the shelf life of fish. For each group and each sampling time, two fillets were analyzed.
Physicochemical Measurements
The pH value was determined directly on an Atlantic mackerel fillet using a digital pH meter (WTW pH 330i Taschen pH Meter; WTW GmbH). Prior to pH measurements, the pH meter was calibrated with standard pH solutions prepared using buffer capsules (pH 7 and 4). The peroxide value (PV) and the thiobarbituric acid-reactive substance (TBARS) value were determined by iodometric titration (16) and colorimetric (17) methods, respectively. The total volatile basic nitrogen (TVB-N, mg/100 g flesh) measurement was performed following the official method proposed by Commission Regulation No. 2074/2005/EC, involving the distillation of an extract, deproteinized by perchloric acid. For each sampling day, three independent measurements were performed.
Texture Profile Analysis (TPA)
Textural measurements were determined using the TA.XTPlus texture analyzer (Stable Micro Systems, Godalming, United Kingdom). Two consecutive cycles of 40% compression with 5 s between cycles were applied to fish samples using a cylindrical probe of 10 mm diameter. Fish fillets were compressed at three different positions along the fillet, with a compression rate of 1 mm/s at 20°C. The measurement conditions of TPA were the following: pretest speed, 1 mm/s; posttest speed, 10 mm/s; target mode, strain; trigger force, 5 × g; acquisition rate, 200 points/s (9, 11) . The following TPA parameters were obtained using specific TPA computer software (Texture Exponent 32): hardness, fragility, gumminess, chewiness, adhesiveness, and springiness. For each sampling day, three independent measurements were performed.
Color Measurements
The color of Atlantic mackerel samples was determined with a Minolta Chroma Meter CR-300 (Konica Minolta Sensing Europe, Roissy Charles De Gaulle, France). Measurements were performed directly on three independent positions along the fish fillet. The three experimental color parameters L*, a*, and b*, which indicate lightness (0 = dark, 100 = white), redness (+60 = red, −60 = green), and yellowness (+60 = yellow, −60 = blue), respectively, were determined (7, 18) .
Color indexes, namely the white index (WI) and the yellow index (YI), were calculated from the average values of L*, a*, and b* according to the following equations: WI L a b 100 100 2 2 ) (
Fluorescence Measurements
Fluorescence spectra were recorded using a FluoroMax-4 spectrofluorometer (HORIBA Jobin Yvon, Edison, NJ). The incidence angle of the excitation radiation was set at 60° to ensure that reflected light, scattered radiation, and depolarization phenomena were minimized. Slices of 2 cm length, 1 cm width, and 0.5 cm thickness were cut from the middle of the fish sample. The emission spectra of tryptophan residues (305-450 nm) and the reduced form of nicotinamide adenine dinucleotide (NADH; 360-600 nm) were acquired with the λ ex set at 290 and 340 nm, respectively. For each sampling day and each group, three independent spectra were acquired.
Chemometrics
To reduce the scattering effects and to compare samples, fluorescence spectra were normalized by reducing the area under each spectrum to a value of 1 (19) . Mainly, the peak maximum shift and the peak width changes in the spectra were considered after this normalization. Multivariate data analyses were performed using principal component analysis (PCA) and factorial discriminant analysis (FDA). To extract the maximum of information contained in each data set, PCA was applied separately to the chemical, instrumental, and fluorescence measurements. In a second step, FDA was performed, separately, on the first five principle components (PCs) resulting from the PCA applied to each data set to investigate the ability of each measurement to discriminate between samples of the different treatments. Next, FDA was applied to the concatenated data from the macroscopic properties (chemical, textural, and color parameters) and fluorescence measurements to provide an overall classification rate of the all data analyzed jointly. Analysis of variance, PCA, and FDA were performed using XLSTAT 2015 software (Addinsoft, New York, NY).
Results and Discussion
Physicochemical Analyses
Changes in the pH values of the control, rosemary, and basil groups during storage are shown in Figure 1A . The initial pH value of Atlantic mackerel fillets was 6.04 ± 0.05, similar to that reported by others (8, 14) for anchovy and silver carp.
For the control and rosemary groups, a trend of increasing pH values was observed throughout the storage period (except on day 9), reaching a value of 6.27 after 13 days of storage. This trend was different for the basil group: the highest value of pH (6.21) was observed on day 3, and then a decrease in pH value was observed until day 9, when an increase in the pH value was observed but remained lower than that observed on day 3. The increase in pH values observed for the control and rosemary groups could be due to the formation of alkaline compounds, such as ammonia compounds and trimethylamine, derived from either microbial or endogenous enzymes (8, 20, 21) .
No significant difference in pH values (P < 0.05) was observed between the control and rosemary groups, in agreement with findings reported by others (11) . However, significantly lower pH values were observed for the basil group compared to the rosemary and control groups at some sampling points, suggesting that the basil EO treatment may delay pH increases during storage, probably due to antimicrobial effects. Our findings were in agreement with those of Suppakul et al., (22) who indicated that basil EO had powerful antimicrobial activity against a wide range of microorganisms.
Lipid deterioration has been recognized as a major cause of reducing the shelf life of fish and other seafood due to progress in oxidation and enzymatic hydrolysis of unsaturated fatty acids. Here, the PV is used for determining the formation of primary lipid oxidation products during storage of Atlantic mackerel fish samples. As shown in Figure 1B , the PV increased progressively during the first 6 days for the control group (from 16 to 30 mEq/ kg sample) and during the first 13 days of storage for the rosemary and basil treatment groups (from 16 to 28 mEq/kg sample). Although these values are similar to those reported by others (16) on tuna brined in different NaCl concentrations, they are considered relatively high for fresh (aged 1 day) samples. This could be explained by the fact that the Atlantic mackerel samples were purchased from a local supermarket and we did not have any information on traceability (storage conditions, origin, and so on). The gradual increase in the PV for the rosemary and basil groups during the first 13 days of storage indicated a lower level of lipid oxidation in Atlantic mackerel fish compared to the control group. This result suggests that the oxidation process in the treated groups was in propagation stage (18, 19) , which could be related to the antioxidant effect of rosemary and basil EOs. Indeed, the antioxidant activity of rosemary extract has been associated with the presence of phenolic compounds (e.g., carnosol, carnosic acid, and rosmarinic acid) in its structure, as pointed out by others (10, 14) . Starting on the 6th and 13th days of storage for the control group and treated groups, respectively, a decrease in the level of the PV was noted, indicating the decomposition of hydroperoxides to secondary products that characterizes the later stage of lipid oxidation (18) . It can be concluded that the rapid decomposition of hydroperoxide in the control group compared to the treated groups was undertaken because the rosemary and basil EOs were effective agents in delaying lipid oxidation of Atlantic mackerel samples during storage. This finding is in agreement with those of Quitral et al. (12) , who reported an impact of rosemary extract on lipid oxidation of Chilean jack mackerel compared to control samples, and Makri (23), who observed lower values of primary oxidation products, based on the measurements of conjugated dienes and trienes in rosemary-treated gilthead sea bream samples compared to control fish.
TBARS values are commonly used to determine rancidity levels related to the formation of secondary oxidation products. The evolution of TBARS values as a function of storage time and conditions is shown in Figure 1C . The TBARS value of the fresh Atlantic mackerel fillet sample was 0.58 mg malondialdehyde (MDA)/kg fish, close to that reported by others (12) , who observed a TBARS value of approximately 0.5 mg MDA/kg Chilean jack mackerel aged 0 days. Although the TBARS values increased throughout the 9th and 13th day of storage for the control and the treated groups, respectively, EOs induced a delay in the TBARS formation, reaching values of 4.18 and 3.55 mg MDA/kg on day 9 for the rosemary and basil groups, respectively, whereas the control group showed higher TBARS values, attaining 6.7 MDA/kg sample on day 9. High correlations were observed between TBARS values and storage time (r = 0.88, 0.98, and 0.96 for control, rosemary, and basil groups, respectively). The decrease in TBARS values during the last stage of storage (starting on days 9 and 13 for the control group and the treated groups, respectively) could be due to (1) the interaction between MDA and amino-acids, proteins, and other fish constituents; (2) the decomposition of MDA to other aldehydes and volatile compounds, in agreement with other investigations (14) ; or (3) a combination of these events.
The TBARS values of the treated groups were significantly lower (P < 0.05) than those of the control group (except on day 13), indicating that the EOs were effective in delaying lipid oxidation. This finding was consistent with those of other studies conducted on sardine (20) and red porgy (9) . The effects of rosemary EO on the oxidative stability of fish have been ascribed to its capacity for scavenging free radicals (11, 23) , although no result was found in the literature regarding the impact of basil EO on fish oxidation delay. It can be concluded from our results, however, that basil EO presents a higher antioxidant activity than rosemary EO. Different TBARS values of acceptability limits in fish samples have been reported in the literature. Although the TBARS limit beyond which fish samples have been considered unacceptable (approximately 5 mg MDA/kg of fish flesh; 14, 20) should be considered informative, this limit was reached on approximately days 8, 10, and 11 for the control, rosemary, and basil groups, respectively. TVB-N content has been used as a quality index of fish deterioration. This general term includes the determination of trimethylamine, dimethylamine, ammonia, and other volatile basic nitrogenous compounds related to seafood spoilage (8, 9) . The changes in TVB-N values as a function of storage time and conditions are depicted in Figure 1D . Atlantic mackerel fillets aged 1 day presented values of 7.98 mg N/100 g, similar to those reported for turbot (24) and silver carp (8) , indicating that the Atlantic mackerel fillets were in a good state of freshness. Indeed, it has been reported that the TVB-N acceptable limit is approximately 35 mg N/100 g fish (7, 8) .
From day 6 onward, an increase in TVB-N values was observed in all fish samples, regardless of the pretreatment applied, in agreement with other studies (7, 9) . With the exception of day 6, significantly (P < 0.05) lower TVB-N values were observed for the treated groups compared to the control group, whereas the rosemary and basil groups did not show any significant difference. The lower TVB-N values observed for treated Atlantic mackerel samples could be attributed to the antibacterial properties of the phenolic compounds present in the EOs, in agreement with other studies (10, 24) .
In the current study, TVB-N values of the control group samples exceeded the acceptable limit of 35 mg N/100 g fish at day 8. The TVB-N values of the rosemary and basil groups remained below the upper limit of acceptability until the 10th and 13th days, respectively. The obtained results confirmed those obtained with TBARS assessment, revealing the antioxidant effect of EOs, particularly basil EO.
Textural Analyses
After rigor mortis resolution, fish muscle becomes softer and less elastic because of the degradation of myofibrillar protein caused by microbiological and autolytic processes. A number of intrinsic biological factors, such as fat and collagen content, could affect these changes (11, 21) . The physical properties, including hardness, fragility, gumminess, chewiness, adhesiveness, and springiness of Atlantic mackerel samples during storage are shown in Table 1 . Unlike fragility behavior, a general decrease in hardness value was observed in all fish groups with storage time, giving correlation coefficient values of −0.85, −0.95, and −0.72 for the control, rosemary, and basil groups, respectively. The control group exhibited the highest softening rate, losing approximately 20% of its hardness during the first 6 days of storage compared to fillets aged 1 day. For the same storage time, decreases in hardness of only 4.3 and 0.74% were observed for the rosemary and basil groups, respectively, demonstrating the impact of EO treatment in maintaining fish texture. On day 9, hardness loss rates were 22.81, 18.6, and 8.67% for the control, basil, and rosemary groups, respectively.
The decrease in textural parameters (gumminess, chewiness, adhesiveness, and springiness) and the increase in fragility with increasing storage time has been attributed to microbial growth and the action of endogenous enzymes, resulting in protein degradation, making the muscle softer and less elastic (11, 21) .
Color Measurements
Color parameters of Atlantic mackerel fish samples throughout storage are shown in Table 1 . Lightness values (L*) showed a decrease throughout storage for the three groups, in agreement with previous investigations (6, 25) . The slight decrease in L* during storage time was accompanied by a reduction in WI values.
Starting on the 6th day of storage, higher L* values (P < 0.05) were observed for the treated groups compared to the control group, in agreement with the results observed on pompano fish treated with rosemary extract (11) and natural extracts such as grape seed and clove bud (13), tea polyphenols (25) , and clove, cumin, and spearmint (24) . From the 3rd to the 13th day, a decrease in L* values of 16.9, 13.3, and 7.8% was observed for the control, basil, and rosemary groups, respectively. From the obtained results, it can be concluded that Atlantic mackerel fillets immersed with basil and rosemary EOs maintained to some degree the appearance of fresh Atlantic mackerel fillets, probably due to the antioxidant activity of these EOs on lipids and proteins, as illustrated by the physicochemical parameters (14, 24) .
Because the color intensity of green to red (a* value) of the Atlantic mackerel samples varied among sampling days, with important fluctuations, we were not able to draw decisive conclusions. For example, although significantly higher a* values were observed for the control group compared to the treated groups on day 3, an inverse trend was observed on day 13. These observations were in agreement with those of others (11, 24) , who pointed out no significant difference of a* values between control and treated fish samples.
In contrast to L* values, the color intensity of b* value (blue to yellow) of Atlantic mackerel increased with storage time, changing to a more yellowish color during storage, in agreement with the results of others (13, 25) . The increase in b* values throughout the storage time occurred with an increase in YI values, giving positive correlation values with storage time (r = 0.63, 0.77, and 0.87 for the control, rosemary, and basil groups, respectively). Significantly lower b* values were observed for the basil group within 6-9 days of storage compared to the two other conditions, indicating that Atlantic mackerel fillets treated with basil EO may inhibit the increase in b* values during storage, in agreement with the findings of others (11, 25) .
Global Analysis of Textural, Color, and Physicochemical Data Sets
PCA was applied to the textural, color, and physicochemical data sets (Figure 2a) . The map, defined by PC1 and PC3 (53.39 and 8.30% of the total variance, respectively), showed some discrimination of Atlantic mackerel samples according to both storage time and pretreatment. According to PC1, Atlantic mackerel samples aged 1, 3, and 6 days had mostly negative score values, whereas the others exhibited mostly positive scores. Considering PC3, it appeared that the Atlantic mackerel samples were well discriminated as a function of the pretreatment applied, because all control group samples presented positive score values (except on day 13), whereas treated groups presented mostly negative values. However, the rosemary and basil groups were overlapped on the map, and no clear discrimination of these two groups could be observed.
To determine the variables responsible for this discrimination, the correlation map was studied (Figure 2b ). According to PC1, Atlantic mackerel fillets aged 9, 13, and 15 days were (16, 25) , who attributed the loss of color in fish muscle to the oxidation process.
The results obtained in the present study demonstrate that the decrease in hardness, gumminess, chewiness, adhesiveness, and springiness values of Atlantic mackerel fish were negatively correlated with TVB-N values. For example, correlation 
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coefficients of −0.57, −0.79, and −0.80 were obtained between hardness and TVB-N values for the control, rosemary, and basil groups, respectively. A similar trend was identified by others (24, 25) , who reported that the hardness, gumminess, and chewiness parameters of sea bass and turbot were tightly associated with microbial activity under chilled storage.
In a second step, FDA was performed to the first five PCs resulting from the PCA applied to the textural, color, and physicochemical parameters. Before applying FDA, three groups were created (control, rosemary, and basil). The similarity map of the FDA with leave-one-out cross-validation showed only a slight discrimination between the groups (data not shown). An overall correct classification rate of 62.22% was obtained. Indeed, although 86.67% of the control group samples were correctly classified, such rates obtained for the basil and rosemary groups were only 60 and 40%, respectively.
Fluorescence Measurements
Evolution of fluorescence emission spectra of tryptophan.- Figure 3a depicts an example of the normalized tryptophan fluorescence spectra recorded on fresh (aged 1 day) Atlantic mackerel fillets and those stored for 9 days. These spectra exhibited maxima located around 370 nm corresponding to the maximum λ em of tryptophan. A slight red-shift of the maximum λ em of tryptophan was observed for Atlantic mackerel samples during storage. Indeed, after 9 days of storage, the maximum λ em was set at 371, 372, and 372 nm for the basil, control, and rosemary groups, respectively, indicating that tryptophan was in a more hydrophilic environment. This shift can be explained by changes in polarity of the tryptophan environment, in agreement with other findings (26) . From the obtained results, it can be concluded that the fluorescence 
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emission spectra of tryptophan could be used as a fingerprint, allowing the discrimination between fish samples according to both storage time and pretreatment.
For the rosemary group, tryptophan fluorescence intensity at maximum λ em (approximately 370 nm) was found to be correlated with primary (PV) and secondary (TBARS) lipid oxidation products, giving correlation coefficients of 0.89 and 0.71, respectively. For the basil group, correlation coefficients of 0.60 and 0.83 were found for PV and TBARS, respectively, in agreement with other investigations (27) , which reported that fluorescence spectra could be used as a potential marker of lipid oxidation of fish muscle during storage. Other correlations between fluorescence intensity and some macroscopic measurements (physicochemical, textural, and color parameters) were observed, particularly for samples belonging to the basil group. Indeed, high correlations were observed between tryptophan fluorescence intensity at 370 nm and pH (r = −0.84), TVB-N (r = −0.64), and springiness (r = 0.76).
Evolution of fluorescence emission spectra of NADH.-It has been reported in several studies that emission spectra of NADH could be considered a fingerprint method, giving valuable information about the freshness state of different fish species (19, (26) (27) (28) . Figure 3b illustrates an example of normalized NADH fluorescence spectra recorded on Atlantic mackerel fillets aged 1 day and those aged 9 days. These spectra exhibited a maximum located around 480 nm and two peaks located around 380 and 560 nm, which can be attributed to the maximum λ em of NADH and fluorescent Maillard reaction products, respectively, in agreement with other studies (26) (27) (28) .
The shape of the NADH emission spectra appears to be correlated with the pretreatment applied to the fish; indeed, the maximum λ em shifted from 480 nm for fresh samples to 492, 500, and 514 nm for the basil, control, and rosemary groups, respectively. These changes can be ascribed to oxidation of the cell cytoplasm during storage, leading to the transformation of NADH to NAD + , and thus modifying the shape of the fluorescence spectra (19) .
The emission fluorescence intensity at approximately 380 nm seemed to be correlated with TVB-N content of the Atlantic mackerel fillets in the three groups. Indeed, correlation coefficients of 0.58, 0.73, and 0.82 were observed for the control, rosemary, and basil groups, respectively. For the control group, high correlations were observed between NADH fluorescence intensity at around 500 nm and chewiness (r = −0.68), springiness (r = −0.67), and L* (r = −0.89). Similar results were also obtained for treated Atlantic mackerel fillets. The results obtained in the present study reinforce the hypothesis that NADH fluorescence spectra can play an efficient role as a fingerprint for freshness identification of Atlantic mackerel fillets submitted to different pretreatments.
Discrimination of Atlantic mackerel samples based on the fluorescence emission spectra.-In a first step, PCA was applied to the emission spectra obtained after the λ ex was set at 290 nm. The map defined by PC1 and PC4 showed only some discrimination of Atlantic mackerel samples according to their pretreatment (data not shown).
Spectral patterns associated with the PCs might contain structural information at the molecular level and could, therefore, provide the characteristic wavelengths that may be used to discriminate between spectra (29) . From spectral pattern 1 associated with PC1 (data not shown), a positive peak was observed at 368 nm, whereas a negative peak was located at 398 nm. A shift to higher wavelengths was observed for treated samples, indicating that the immersion of Atlantic mackerel fish with EOs induced modification in the molecular environment of tryptophan residues.
In a second step, the ability of tryptophan fluorescence spectra to differentiate fish samples as a function of pretreatment was investigated by applying FDA to the first five PCs of the PCA. Before applying FDA, three groups were created (control, rosemary, and basil). The similarity map of the FDA performed on the tryptophan fluorescence spectra with leave-one-out cross-validation showed good discrimination between the groups (data not shown). In total, 77.78% of the samples were correctly classified (Table 2) . Regarding NADH spectra, a lower correct classification rate was obtained because only 57.78% of the samples were correctly classified. The best classification was obtained with the control samples, giving a correct classification rate of 73.33% (Table 2) .
Global analysis of data at macroscopic and molecular levels.-Data sets obtained from fluorescence, chemical, textural, and color measurements may contain complementary information. Therefore, better discrimination of Atlantic mackerel samples stored under different conditions could be obtained by jointly analyzing all these data sets. This combined analysis can be performed by using a well-known statistical approach called concatenation, which can be achieved by placing the different data sets beside each other in the same matrix and taking into account all of the information collected (30) .
In the current study, the concatenation method was applied to the first five PCs of the PCA performed on each data set of the traditional and fluorescence spectroscopy. The similarity map, defined by discriminant factor 1 (DF1) and DF2, represented 100% of the total variance, with DF1 accounting for 84.1% of the total variance ( Figure 4 ). This map demonstrated that the three groups were clearly discriminated. Indeed, considering DF1, a clear separation between the control and basil groups was observed, because the former presented negative score values. DF2 allowed segregation between the rosemary group, which had positive score values, and the two other groups, which had mostly negative score values.
An overall correct classification rate of 93.3% was obtained, as shown in Table 2 . Only one sample from the control group was ascribed to the rosemary group, and one sample from each of the basil and rosemary groups was misclassified with each other, giving the overall classification rate of 99.3%. These results confirmed that the concatenation technique could distinguish the Atlantic mackerel fish samples by pretreatment (i.e., no pretreatment control and rosemary and basil pretreatments). The high correct classification rates achieved in the present study, better than those obtained by applying FDA separately on each data set, showed that the methodology of coupling fluorescence data from all fluorophores, together with the textural, color, and physicochemical measurements, can be considered a very efficient way for extracting the maximum amount of information contained in several tables of data, allowing an exhaustive characterization of the various groups of fish stored under different conditions.
Conclusions
The potentiality of basil and rosemary EOs to preserve the quality of Atlantic mackerel fish was discussed in the present study. The results obtained showed that dipping Atlantic mackerel with basil and rosemary solutions delayed the development of lipid oxidation and the formation of TVB-N. The basil and rosemary EOs extended the shelf life of Atlantic mackerel fish by 2 and 3-5 days, respectively, compared to the control group. Therefore, the use of basil and rosemary EOs may be considered a promising tool for extending the shelf life of Atlantic mackerel fish and, therefore, maintaining their quality for a longer time. The use of basil EO could have potential application in the seafood industry as a food-grade biopreservative. Moreover, the high correlation found between fluorescence data and some traditional measurements may suggest the potential use of fluorescence spectroscopy as a rapid and nondestructive technique for monitoring changes in Atlantic mackerel fillets stored under different conditions. 
